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Previous studies have demonstrated that poultry house workers are exposed to very high levels
of organic dust and consequently have an increased prevalence of adverse respiratory symp-
toms. However, the inﬂuence of the age of broilers on bioaerosol concentrations has not been
investigated. To evaluate the evolution of bioaerosol concentration during the fattening period,
bioaerosol parameters (inhalable dust, endotoxin and bacteria) were measured in 12 poultry
conﬁnement buildings in Switzerland, at three different stages of the birds’ growth; samples
of air taken from within the breathing zones of individual poultry house employees as they
caught the chickens ready to be transported for slaughter were also analysed. Quantitative
polymerase chain reaction (Q-PCR) was used to assess the quantity of total airborne bacteria
and total airborne Staphylococcus species. Bioaerosol levels increased signiﬁcantly during the
fattening period of the chickens. During the task of catching mature birds, the mean inhalable
dust concentration for a worker was 26 6 1.9 mg m
23 and endotoxin concentration was 6198 6
2.3 EU m
23 air, >6-fold higher than the Swiss occupational recommended value (1000 EU m
23).
The mean exposure level of bird catchers to total bacteria and Staphylococcus species measured
by Q-PCR is also very high, respectively, reaching values of 53 (62.6) 3 10
7 cells m
23 air and
62 (61.9) 3 10
6 m
23 air. It was concluded that in the absence of wearing protective breathing
apparatus, chicken catchers in Switzerland risk exposure beyond recommended limits for all
measured bioaerosol parameters. Moreover, the use of Q-PCR to estimate total and speciﬁc
numbers of airborne bacteria is a promising tool for evaluating any modiﬁcations intended
to improve the safety of current working practices.
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INTRODUCTION
Airborne and settled particulate material of biologi-
cal origin is referred to, in the ﬁeld of occupational
health, as organic dust. In poultry houses, large-scale
production has led to increased bird densities within
buildings (Sauter et al., 1981). Such high densities of
animals kept within conﬁned space are a source of
human health problems related to organic dust expo-
sure (Thelin et al., 1984; Morris et al., 1991; Donham
et al., 2000; Rylander and Carvalheiro,2006).Thisor-
ganic dust is composed both of non-viable particles,
generated by such things as faeces, litter, feed, feather
formation (which produces a high quantity of allergen
dandruff) and of viable particulate matter (also called
bioaerosols). Bioaerosols are comprised of airborne
bacteria, fungi, viruses and their by-products, endo-
toxin and mycotoxin. Exposure to bioaerosols in
broiler houses may vary depending upon the stage of
the birds’ growth since the biomass of faeces and
feather dandruff increase sharply during the fattening
period. Moreover, when the fattened birds are
collected for transportation to the slaughterhouse,
the activity of workers who catch birds and put them
intoboxestransiently generates a lot ofsupplementary
bioaerosol to which the forklift-truck operators, who
load the boxes of chickens into the transportation, also
may be exposed. Gathering temporal information
about the quantity and the composition of bioaerosols
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405is necessary to better understand the relationship be-
tween these factors and the adverse health symptoms
of both workers and animals. Culture-dependent
methods are by far the most widely used procedures
for assessing the bacterial content of bioaerosols.
The readout from this simple technique provides
a quantitative measure of culturable bacteria and
a low-resolution assessment of bacterial diversity.
However, it is now widely accepted that our knowl-
edge of microbial diversity is severely limited by the
factthatthevastmajority(. 90–99%) ofnaturallyoc-
curring microorganisms cannot be cultivated using
standard techniques (Amann et al., 1995; DeLong
andPace,2001).Moreover,deadairbornebacteriastill
have allergenic properties and are therefore also rele-
vant to the occupational health assessment of total
bacterial load. Epiﬂuorescence, a method independent
of culture, can be used to determine total bacterial
concentration in air samples, but the technique is both
time consuming and labour intensive, and samples
must be analysed rapidly after collection. Real-time
quantitative polymerase chain reaction (Q-PCR)—a
molecular technique now widely applied in medical
research areas where reproducible and accurate bacte-
rialquantiﬁcationarerequired—offersanattractiveal-
ternative method for quantifying total bacterial load
while at the same time permitting assessment of the
species-speciﬁc proﬁle. In speciﬁc environmental sit-
uations where bioaerosol levels vary signiﬁcantly over
time, the composition may be highly dynamic. In such
cases, the amenability, precision and reliability of
Q-PCR should prove particularly advantageous.
The aim of this study was to measure exposure of
total airborne bacteria and speciﬁc Staphylococcus
species in poultry houses by Q-PCR methods and
culture-dependent methods. In order to evaluate the
inﬂuence of the age of birds on bioaerosol produc-
tion, we have taken air samples at three different pe-
riods during the fattening process, in 12 poultry
houses where the birds were conﬁned but allowed
to move freely on the litter. Wealso analysed air sam-
ples collected with personal devices that were placed
both on workers who catch the birds and on drivers
who collect the bird containers used to transport
poultry to the slaughterhouse. The levels of airborne
endotoxin, a component of Gram-negative bacteria,
which is responsible for known acute and chronic re-
spiratory effects, and total inhalable organic dust
were also measured.
MATERIALS AND METHODS
Sites of sampling
Twelve poultry houses were each sampled four
times during the fattening period. Individual poultry
house size varied between 300 and 900 m
2 (10 units
of 300 m
2, 1 of 600 m
2 and 1 of 900 m
2). Their ﬂoors
were freshly covered with wood shavings at the be-
ginning of bird fattening. Bird densities in 8 units
were at 12.8 birds m
 2 and in 4 units were at 17.3
birds m
 2. All poultry houses had internal tempera-
tures between 31–33C during the ﬁrst sampling ses-
sion, 25–26C during the second and 22–25C during
the third and fourth. The buildings were equipped
with automatic feeding, watering and heating sys-
tems. All buildings have windows and have natural
light cycle. Air samples were collected on the ﬁrst
or second day following the arrival of day-old chicks,
at 24–27 days old, 1 day before the departure to
slaughterhouse (40–53 days old) and during the han-
dling of birds in preparation for transport to the
slaughterhouse. In general, during the fattening pe-
riod, abreeder is quite likely to spend several discrete
periods of work inside the poultry house each day
(between 1 and 3 h). The workers involved in the last
stage catch the fattened chickens and load them into
cages mounted in a rack standing on the ﬂoor. A
catching crew consists of six catchers and a fork-
lift-tractor operator who moves the racks of loaded
cages from the poultry house to a trailer truck out-
side. For the three ﬁrst sampling sessions, air was
continuously sampled for 1–4 h during morning
hours, at stationary points in the middle of the build-
ingwithout disturbingthe birds.Forthe lastsampling
session (departure to slaughterhouse), an average of
six workers per catching crew were equipped with
a personal air sampler (placed in the proximity of
the individual’s breathing zone). At each stationary
sampling spot, samples were collected in parallel
onto three separate ﬁlter devices, by means of pocket
pumps (MSA Escort Elf, Mine Safety Appliance
Company, Pittsburgh, PA, USA or SKC pocket pump
210-1002, SKC Inc., Eighty Four, USA), set at a ﬂow
rate of 2.0 l min
 1. Among the personal air samplers
used during the chicken-catching process, usually
two carried ﬁlters appropriate for endotoxin analysis,
one for dust measurement and two for bacterial as-
sessment. All workers participating to the study gave
their consent. Five catchers and four drivers did not
agree to participate and we have also lost four cas-
settes during the bird-catching process. Personal air
samplers were allowed to run for 1 h. Airﬂow was
calibrated before and after ﬁeld sampling with a pis-
ton calibrator (DryCal DC-Lite, Bios International,
Pompton Plains, NJ, USA). All stationary samples
were taken 1.5 m above the ﬂoor.
Endotoxin sampling and analyse
Total airborne dust for endotoxin assessment was
collected onto polycarbonate ﬁlters (37 mm diameter,
0.4 lm pore size), placed into a ready to use polysty-
rene cassette (endofree cassette, Aerotech Laborato-
ries, Inc., Phoenix, AZ, USA). After sampling,
cassettes were transported in a cold box to the labora-
tory within 3 h and were then stored at  20C for 1–3
406 A. Oppliger et al.months to await endotoxin measurement. Endotoxins
were extracted by shaking the ﬁlters at room tem-
perature for 1 h in 10 ml of pyrogen-free water in
a 50-ml conical polypropylene tube. The ﬁlter extrac-
tion solutions were vortexed vigorously prior to draw-
ing a sample which was analysed for endotoxin
content using a quantitative kinetic chromogenic lim-
ulus amoebocyte lysat assay (Biowhittaker, Cambrex
Bio Science, Verviers, Belgium) at 37Cw i t ha na u t o -
mated microtiter plate reader. Escherichia coli
O55:B5 endotoxin (Biowhittaker) was used as a cali-
bration standard to calculate endotoxin concentration
in the experimental samples. Results were expressed
in units of endotoxin per cubic metre of air.
Dust sampling
Inhalable dust was sampled on glassﬁber ﬁlters
and IOM heads (SKC Inc.). One ﬁeld blank was
taken on each day of measurement. Prior to and after
use, the ﬁlters (taken out of the cassette holders) were
weighed on an analytical balance (Mettler, 0.001 mg
sensitivity).
Bacterial sampling on nutrient agar
Airborne bacteria were collected with an impactor
(MAS-100 Eco, MBV, Vevey, Switzerland) at a ﬂow
rate of 100 l min
 1. Air volumes of 10 l were sam-
pled for non-speciﬁc bacteria; 20 l for Staphylococ-
cus species. Total culturable bacteria were impacted
onto Tryptone soya agar plates and Staphylococcus
species onto Chapmann plates (all from Oxoı ¨d,
Basel, Switzerland). Plates were incubated at 30C.
All plates were checked daily for colony counts dur-
ing 5 days. Results are expressed in colony forming
units (CFU) per cubic metre of air. The most frequent
Staphylococcus bacterial taxa were isolated and sub-
sequently identiﬁed by using enzymatic test kits (API
Staph, Biome ´rieux, France). All the colonies isolated
(15) were identiﬁed as Staphylococcus xylosus by the
API STA system; however, further molecular identi-
ﬁcation (Giammarinaro et al., 2005) carried out by
Sabine Leroy (INRA—Centre de Clermont Theix,
UR 454 Microbiologie, Qualite ´ et Se ´curite ´ des Ali-
ments, 63122 Saint-Gene `s-Champanelle, France) re-
vealed that some strains were in fact Staphylococcus
equorum. Gram-negative bacteria were not collected
on selective nutrient agar since a pilot study has
shown negative results.
Bacterial sampling for DNA analysis
Total airborne dust for bacterial DNA analysis was
collected onto mixed cellulose ester ﬁlters (0.8-lm
pore size 37 mm diameter, Millipore) contained in
a 37-mm polystyrene cassettes (Millipore Corpora-
tion). These were stored at  20C until analysis until
processing could be achieved.
Filter processing and nucleic acid extraction
Genomic bacterial DNA used for standard concen-
tration curves was extracted from pure cultures S.
xylosus (a strain identiﬁed in our laboratory), using
the FastDNA SPIN Kit for Soil (Bio101, Carlsbad,
CA, USA) and the protocol furnished with the kit.
The amount of each extracted standard DNA was
measured with a NanoDrop ND-1000 spectropho-
tometer (NanoDrop Technologies). For the experi-
mental samples, DNA was extracted directly from
the ﬁlter using the FastDNA SPIN Kit for Soil
(Bio101), after mechanical lysis of bacterial wall ma-
terial. The extraction was done in accordance with
the manufacturer instructions, substituting the ﬁlter
for the recommended 500 lg soil sample. The
DNA was eluted in 200 ll Qiagen EB buffer.
Real-time polymerase chain reaction ampliﬁcation
and quantiﬁcation
All polymerase chain reaction (PCR) assays were
performed on a RotorGene 3000 (Corbett Research,
Mortlake, Australia). The calibration curve was gen-
erated using the RotorGene software, version 6.0.16
and was used in conjunction with the software to cal-
culate the initial target bacteria number in the sample.
Standard curve. Serial dilutions of S. xylosus geno-
mic DNAwere used as standards for determining bac-
terial and Staphylococcus number by real-time PCR.
The number of equivalent S. xylosus of the Q-PCR
standards was calculated with the following equation:
genomeweight in Dalton, W 5[%GC  total length]  
618.4/100 þ [(100   %GC)   total length]  
617.4/100 þ 36. Where total length 5 2.9   10
3
kb (Dordet-Frisoni et al., 2007) and as S. xylosus is
a low GC content bacteria, the %GC was arbitrarily
ﬁxed at 35%. Genome copies per nanogram of
DNA 5 (NL/W)   10
 9, where NL is the Avogadro
constant (6.02   10
23 molecules per mol). The cali-
bration curvewas generated with the RotorGene soft-
ware, version 6.0.16. Using the calibration curve, the
initial number of equivalent S. xylosus in the PCR
was calculated by the RotorGene software. Both
the total bacterial load and the staphylococcal load
were expressed in equivalents S. xylosus.
Total bacterial load assessment. A 466-bp frag-
ment of the bacterial 16S rDNA 331–797 (according
to E. coli position) was ampliﬁed with a universal
primers and probe set (Nadkarni et al., 2002). The
PCR was performed in a total volume of 20 ll using
the qPCR Core kit No ROX (Eurogentec) with 2.5
mM MgCl2, 0.4 mM dNTP mix, 0.1 lM forward
primer (59-TCCTACGGGAGGCAGCAGT-39), 0.1
lM reverse primer (59-GGACTACCAGGGTATC-
TAATCCTGTT-39), 0.1 lM probe (59-HEX-CGTAT-
TACCGCGGCTGCTGGCAC-BHQ1-39) and 0.5 U
per reaction of Hot Gold Star polymerase. Two mi-
crolitres of the sample was added to the PCR mix.
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ing conditions: 95C for 10 min and 50 cycles of
95C for 15 s and 60C for 1 min, with acquisition
of the ﬂuorescence on the JOE canal at the end of
each 60C elongation step. No-template controls
with Qiagen EB buffer instead of template DNAwere
included in each run. As Staphylococcus species was
the most frequent cultivable bacteria found in poultry
houses, serial dilutions of S. xylosus DNAwere used
as the standard for determining bacterial number by
real-time PCR. The standards and the samples were
included in duplicate in each run.
Staphylococcus species load assessment. A 370-
bp fragment of the Staphylococcus species tuf gene,
which encodes the elongation factor Tu, was ampli-
ﬁed with a primer set speciﬁc for the Staphylococcus
genus (Martineau et al., 2001). The PCR was per-
formed in a total volume of 20 ll using the qPCR
MasterMix Plus for SYBR Green I No ROX (Euro-
gentec) with 10 ll of Master Mix, 0.2 lM of forward
primer TStaG422 (59-GGCCGTGTTGAACGTGG-
TCAAATCA-39) and 0.2 lM of reverse primer
TstaG765 (59-TIACCATTTCAGTACCTTCTGG-
TAA-39,I5 inosine). Two microlitres of DNA was
added to the PCR mix. The ampliﬁcation was carried
out under the following conditions: 50C for 2 min,
95C for 10 min and 50 cycles of 95C for 15 s
and 55C for 20 s and 72C for 40 s, with acquisition
of the ﬂuorescence on the SYBR channel at the end
of each elongation step. No-template controls with
Qiagen EB buffer instead of template DNA were in-
cluded in each run. Serial dilutions of S. xylosus
DNAwere used as the standard for determining bac-
terial number by real-time PCR. Duplicate aliquots
of the standards and the samples were included in
each PCR run.
Statistical methods
The effect of stages of fattening and density of
birds on bioaerosols (log-transformed data) was
tested with an analysis of variance. Assumptions
underlying the models were checked beforehand
(normality tested with Shapiro test and homogeneity
of variance tested with Bartlett test). Correlation
between the different bioaerosols was tested with
Pearson correlation tests. All statistics were done
by using Systat software (SYSTAT Software Inc.
products, Richemond, Canada) and R free software.
The data are presented by geometric mean values –
geometric standard deviation (GSD).
RESULTS
The geometric mean airborne concentration of cul-
tivable Staphylococcus species circulating in the air of
poultry houses containing 1- to 2-day-old chickens
was 19 (–1.2)   10
3 CFU m
 3, with this number
representing  90% of the total cultivable bacteria
present on the nutrient plates (data not shown). Impor-
tantly, it was found to be impossible to apply standard
culture-dependent methods using impaction of bacte-
ria onto nutrient media after the ﬁrst stage of the fat-
tening period since all subsequent samples after this
stagewere so oversaturated with bacteria that colonies
could not be counted, even when the sampling dura-
tion was very short (5 s corresponding to ,5 l of air).
The estimated Staphylococcal species load, as
quantiﬁedbyQ-PCRduringtheﬁrststageofsampling
[GM – GSD 5 88 (–5.9)   10
3 m
 3] (Fig. 1),
is  4-fold higher than the value obtained by culture
of impacted bacteria. Furthermore, this estimate rep-
resents a mean value of only 0.75% (–1%) (Table 1)
of the total bacterial load as measured by Q-PCR
(N 5 59) (Fig. 2). The comparative analysis by
Q-PCR of Staphylococcal versus total bacterial load
suggests that this ratio changes during the fattening
period (Table 1). Both the number of total bacterial
cells and Staphylococcus species cells measured by
Q-PCR increase massively during the fattening pe-
riod, as do the inhalable dust and endotoxin levels
(Figs 1–4). Analysis of variance show that the stage
offattening has asigniﬁcant inﬂuence on the quantity
of all bioaerosols, while the bird density in the poul-
try house has no effect (Table 2). We found signiﬁ-
cant positive correlations between inhalable dust
level and the parameters of endotoxin load, number
of total bacterial cells estimated by Q-PCR, number
of Staphylococcus cells estimated by Q-PCR (respec-
tively, Pearson correlation 5 0.573, 0.451 and 0.603;
P , 0.02, N 5 42). During the load to the slaughter-
house, the workers who directly handle the birds are
Fig. 1. Geometric mean of Staphylococcus species (estimated
by Q-PCR) per cubic metre of air sampled at different stages of
growth (Stage 1, 2 and 3; see details in text) and within the
breathing zone of bird’s catcher and driver as they caught the
birdsreadyto betransportedforslaughter,in 12 poultryhouses.
Numbers beside the bars indicate the sample size.
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forklift drivers (Figs 1–4). We found that the geo-
metric mean inhalable dust concentration for bird
catchers was of 26.3 – 1.9 mg m
 3. Eighty-ﬁve
per cent (11 of 13) of the catchers were exposed to
dust level values .10 mg m
 3. The mean exposure
level of catchers to endotoxin concentration is
6198 – 2.3 EU m
 3 air. This value is 6-fold more el-
evated than the Swiss occupational recommended
value (1000 EU m
 3). As measured by Q-PCR, the
geometric mean exposure levels of bird catchers
to total bacteria and Staphylococcus species are,
respectively, 53 (–2.6)   10
7 cells m
 3 and 62
(–1.9)   10
6 cells m
 3.
DISCUSSION
The results of the present study showed that as ex-
pected, levels of airborne bacteria and endotoxin as
well as inhalable dust increase drastically throughout
the growth of the enclosed chickens. This is not sur-
prising since total biomass (number of birds  
weight) and consequently skin debris, broken feather
barbules, aerosolized feed and poultry excreta also
increase drastically during this period. However, sig-
niﬁcant changes in parameters such as temperature
inside the poultry houses during the different stages
of fattening may alter the composition of the bioaer-
osol as well as changing the overall rate of bacterial
growth. The increase of activity during the handling
and loading of birds for departure to slaughterhouse
explain the increase of bioaerosol level compared
to the level measured the day before.
Results from Q-PCR methods are consistent with
other estimates of poultry house bacterial load, ob-
tained using epiﬂuorescence methods (Radon et al.,
2001). High levels of bioaerosol could signiﬁcantly
affect pulmonary functions of poultry workers
Table 1. Airborne staphylococci as percentage of total bacteria, estimated by Q-PCR, in 12 poultry houses, at different stages of
fattening period
Stage of fattening 1 (1–2 days old) 2 (24–27 days old) 3 (40–53 days old)
Staphylococci as percentage of total bacteria 0.75 – 1.2 9.6 – 2.4 11 – 1.5
Fig. 2. Geometric meanof totalbacteria(estimatedby Q-PCR)
per cubic metre of air sampled at different stages of growth
(Stage 1, 2 and 3; see details in text) and within the breathing
zone of bird’s catcher and driver as they caught the birds ready
to be transported for slaughter, in 12 poultry houses. Numbers
beside the bars indicate the sample size.
Fig. 3. Geometric mean of endotoxin concentration per cubic
metre of air sampled at different stages of growth (Stage 1, 2
and 3; see details in text) and within the breathing zone of
bird’s catcher and driver as they caught the birds ready to be
transported for slaughter, in 12 poultry houses. Numbers beside
the bars indicate the sample size.
Fig. 4. Geometric mean of dust concentration per cubic metre
of air sampled at different stages of growth (Stage 1, 2 and 3;
see details in text) and within the breathing zone of bird’s
catcher and driver as they caught the birds ready to be
transported for slaughter, in 12 poultry houses. Numbers beside
the bars indicate the sample size.
Exposure to bioaerosols in poultry houses at different stages of fattening 409(Olenchock et al., 1982; Clark et al., 1983; Jones
et al., 1984). Indeed, several epidemiological studies
suggest that workers in poultry houses do experience
signiﬁcantly higher rates of acute symptoms of pul-
monary stress than workers engaged in a broad
cross-section of other employment (Morris et al.,
1991; Schwartz et al., 1992; Radon et al., 2001;
Rylander and Carvalheiro, 2006). One attempt to as-
certain the dose at which poultry house dust exposure
is associated with signiﬁcant impairment of pulmo-
nary function estimated this at 2.4 mg m
 3 for total
airbornedustand614EUm
 3forendotoxin(Donham
et al., 1990, 2000). Our data suggest that essentially
all the forklift drivers as well as the catchers who par-
ticipated in our study widely exceeded the exposure–
response threshold recommended for dust and
endotoxin levels in these two studies. To date, most
of the recommendation limit values for total bacteria
are given in terms of CFU m
 3 air. However, one of
the most important points that emerge from our com-
parative study of different methods to assess tempo-
ral changes in bacterial load during the poultry
production process is that the traditional culture-
dependent methods are totally inappropriate to the
task due to the high levels of bacteria produced in
such environments. Since the relationship between
the number of cultivable bacteria and the total num-
ber of bacteria is often unknown, it is important to
acquire data that allow one to determine what the
equivalent threshold limit value as estimated by
Q-PCR should be. The comparativevalues we obtained
for quantiﬁcation of staphylococci species in the en-
closures holding young chicks suggest that in gen-
eral, Q-PCR is likely to give estimates of bacterial
numbers at least 3- to 4-fold higher than obtained
by traditional culture methods. Thus, the suggested
value for a reasonable threshold limit expressed in
units measured by Q-PCR should take account of this
correction.
ThemeanquantitiesobtainedbyourQ-PCRanaly-
ses (5.3   10
8 cells m
 3) were in the same range as
thoseobtainedinastudyofpoultryhousesinDenmark
(NielsenandBreum,1995),madeundersimilarcondi-
tions (catchers equipped with personal samplers), but
using epiﬂuorescence methods (7.0   10
8 cells m
 3).
The Danish study reported that microscopy showed
that spherical bacteria, of mainly Staphylococcus spe-
cies, dominated the bacterial community. A predomi-
nance of airborne Gram-positive bacteria (especially
coagulase-negative staphylococci) was also demon-
strated in another study that reported bacterial concen-
tration in the ambient air of poultry slaughterhouses
(Haas et al., 2005). The discrepancy between the ratio
ofstaphylococcitootherspeciesasestimatedbyairim-
paction onto nutrient media compared to the Q-PCR
method is likely due to a combination of effects, with
Q-PCR detecting other bacterial strains that are either
dead or viable but uncultivable. It is also possible that
Table 2. Analysis of variance: effects of stages of fattening and density of birds on the values of bioaerosols concentrations,
estimated by Q-PCR method, in 12 Swiss poultry houses
Source of variation d.f. Mean sum of square F-ratio P
Response: airborne endotoxin, R
2 5 0.592
Stages 2 8.882 20.164 ,0.001
Density 1 0.018 0.041 0.840
Stage   density 2 0.043 0.097 0.907
Residuals 30 0.44
Response: airborne Staphylococcus species, R
2 5 0.676
Stages 2 123.332 23.106 ,0.001
Density 1 18.614 3.487 0.072
Stage   density 2 0.869 0.163 0.851
Residuals 29 5.338
Response: total airborne bacteria species, R
2 5 0.830
Stages 2 33.208 62.734 ,0.001
Density 1 0.146 0.276 0.603
Stage   density 2 0.524 0.989 0.384
Residuals 30 0.529
Response: inhalable dust, R
2 5 0.792
Stages 2 20.416 39.972 ,0.001
Density 1 0.007 0.013 0.910
Stage   density 2 0.133 0.261 0.773
Residuals 24 0.511
R
2 5percentageof varianceexplained by the model.Geometric meanvalues of each stage foreach bioaerosolare presented in the
Figs 1–4. Signiﬁcance was set at P , 0.05.
410 A. Oppliger et al.the Staphylococcus species detected by culture are
able to outcompete other more fastidious bacteria and
prevent their growth.
These potential explanations underline the limita-
tions of culture-dependent methods to assess the
airborne bacterial load, while several other consid-
erations suggest that further studies are needed to
assess the risks to human health of such high concen-
trations of Staphylococcus species in the ambient air.
In particular, peptidoglycan, the major component
of Gram-positive cell walls, shares some pro-
inﬂammatory properties with endotoxins and may
induce respiratory symptoms (Johannsen et al.,1 9 9 0 ;
Mattsson et al., 1993; Zhiping et al., 1996; Dziarski
et al.,2 0 0 1 ;D o u w e set al., 2003; Sigsgaard et al.,
2005; Visser et al., 2005). It has even been proposed
thatpeptidoglycan should beregardedasanendotoxin
in its own right (Myhre et al., 2006).
CONCLUSION
To conclude, poultry house workers, and most
particularly those employed in the task of bird catch-
ing, are regularly exposed to very high levels of air-
borne bacteria, endotoxin and dust. The poultry
industry should be made aware of the potential res-
piratory health effect of occupational exposure to
bioaerosol and preventive measures to protect work-
ers should be taken despite the present lack of well-
deﬁned legal limit levels concerning this biological
hazard.
We havedemonstrated that the use of Q-PCR to as-
sess total or species-speciﬁc airborne bacterial load
seems to be a promising tool, which is less time-
and labour-consuming than microscopic methods
with the added advantage that the same samples
can also be analysed by complementary molecular
techniques to obtain information about their species
diversity. The need to evaluate the validity of
Q-PCR as a tool for quantitative bioaerosol exposure
assessment is now crucial.
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